A system with a three-degree-of-freedom (3-DOF) torsional dynamic model of a one-way clutch coupled with a spur gear pair is proposed. The one-way clutch is installed in front of the pinion and only allows the transmission of the torque from the engine. The torque is designed as a piecewise function while the inertia moment of the clutch is considered. The mesh time-varying stiffness of the teeth and gear backlash is seen nonlinear. In the analysis of the dynamic transmission error of the gear pair and twisted angle of the clutch, the torsional dynamic behaviour of the system is evaluated from 500 rpm to 45,000 rpm. To identify the effect of the parameter of a clutch on the dynamic response of the system, the effect of the torsion stiffness and damping ratio of the one-way clutch, including the inertia ratio of the clutch and pinion, is also analysed in this paper. The jump phenomenon, multi-jump occurrence, and subharmonic and harmonic resonance regions of the dynamic response system are observed.
INTRODUCTION
The one-way clutch, also known as overrunning clutch, has only been applied in the various power transmission systems, which need forbidding reverse torque transmitted, such as air turbine starters, vehicle, and helicopter.
1 Such clutch consists of the driving part, driven part, and transmission medium. Many different types of the one-way clutch are identified by their transmission mediums, such as roller, sprag, and wrap spring, which have various principles and structures and have the same function. The clutch can engage or may not be dependent on the relative angular displacement between the driving and driven parts. When the angular displacement of driving part falls behind the driven part, the clutch will disengage and not transmit the torque. When it exceeds the driven part, the clutch would transmit the torque count on the sliding friction. The one-way clutch would lock and rotate together when the two parts have equal angular displacement.
In Fig. 1 , the warp-spring one-way clutch has a simple structure, which consists of the input and output housings, and warp spring, and characterized by durable and high torque transmission. In transmitting the torque, the diameter of the warp spring expands to contact with the input and output housings. As the clutch overruns, the spring releases and loses contact with the housings. As the gear transmission system is the most common of the mechanical transmissions, many researchers have analysed the dynamic behaviour of the gear system for reducing noise and vibration.
2, 3 But the dynamics behaviour of the oneway clutch with mechanical systems is only studied by some researchers.
Cheon 4 conducted a research on the dynamic responses under four kinds of clutch installation condition installation conditions. The responses of various tooth contact ratios, tooth backlashes, and load inertia ratios under the four conditions were also analysed. Zhu and Parker 1, 2 used two DOF models to examine the nonlinear dynamics of the serpentine belt with a one-way clutch system. The dynamic responses dependent on the stiffness of the clutch spring, excitation amplitude, and ratio of pulley and accessory inertias were part of the research. Ding 5 evaluated the effect of wrap spring one-way clutch on the drive system of a two-pulley belt. The dynamic response of the system to the two excitations interaction had been examined. The effects of parameters on system are identified, such as clutch damping and wrap spring stiffness.
In the paper, as cited, the mass of clutches has been neglected. The one-way clutches are introduced as inputs or load torques in the systems. Zhu and Park established a two DOF torsion models, in consideration of the motion of pulley and accessory shaft. Cheon assumed that the displacement of clutch driving housing as zero, so the effect of inertia on the system's clutch has not been taken into account. The author applied the typical single DOF model to describe the spur gear pair dynamic model.
In general, the methods for solving nonlinear vibration problems include numerical integration methods and analytic approximation. Cheon used the numerical integration method to solve spur gear pair with the one-way clutch dynamic model. Zhu and Parker employed the harmonic balance method, a type of analytic approximation method, to solve the problem of
